Introduction
This bibliography was assembled to service an agreement between Department of Energy and the USGS to provide a body of references and useful annotations for understanding background gas emissions from Kilauea volcano. The current East Rift Zone (ERZ) eruption of Kilauea releases as much as 500,000 metric tonnes of SC>2 annually, along with lesser amounts of other chemically and radiatively active species including I^S, HC1, and HP. Primary degassing locations on Kilauea are located in the summit caldera and along the middle ERZ. The effects of these emissions on ambient air character are a complex function of chemical reactivity, source geometry and effusivity, and local meteorology. Because of this complexity, we organized the bibliography into three main sections: ^characterizing gases as they leave the edifice; 2)characterizing gases and chemical reaction products away from degassing sources; and 3) Hawaii Island meteorology.
The Se, Te, and As content of the eruptive gas and of sulfur sublimates from the current (January 1983 through March 1985 east-rift eruption of Kilauea Volcano, Hawaii, have been determined. These data, in combination with previous data, suggest that most of the Se and Te in eruptive plumes occur in the particulate fraction while most of the As is in the gas phase. Eruptive emissions to the atmosphere have been estimated at 10 metric tonnes each of Se and As and 2 tonnes of Te over the first 14 months of the eruption. Material balance calculations suggest 0.28 ppm Se and 0.017 ppm Te for the initial Kilauean magma content of these elements. Only one-third of the original Se and Te is lost from the magma by degassing.
In addition to giving an estimation of concentrations, emission rates and fate for these metals, this paper discusses the role of particulate sulfur in mechanically removing Se and Te in close proximity to the eruptive vent. Data from gas emissions and inflation/deflation of Kilauea's summit are used to estimate the gas content and rise rate of magma at Pu* u " CT o. Most degassing of the magma occurs in the depth interval 500-900 m of the conduit. Repose-period gas emissions represent previously exsolved gases migrating upward; these emissions may be the source of continuous repose-period tremor.
This paper describes magma effusion process. This process controls the majority of gas release and other attendant physicochemical processes.
Hinkle, M.E., and Stokes, J.B., 1990, Tabuladon of C(>2, SC>2, and He concentradons in summit fumarole gases and wind and rainfall data at Kilauea Volcano, Hawaii, for the period June 1987-February 1989: U.S. Geological Survey Open-File Report 90-507, 27 p.
Gas chromatographic analyses for CC>2 and SC>2, and mass spectrometer analyses for helium were performed for samples taken from two boiling point solfataras.
Measurements were made several times weekly. These tabular data show time-series variations for the three species. No interpretations are made.
Jaggar, T.A., 1940, Magmadc gases: American Journal of Science, v. 238, p. 313-353 [includes plates].
Analyses of the gaseous constituents of Hawaiian lava are arranged in order of abundance of each gas.
Progressing from poor to good collections, the author found that F^jO, 863, and Cl decrease, while CC>2, CO, SC>2, 82, H2, N2, and Ar increase.
These analyses are historically important as some of the earliest gas studies done on Hawaiian volcanic gases. They form the basis for later gas vent characterization studies and are reinterpreted by Gerlach (1980) .
Le Guern, F., Nohl, A., and Bicocchi, P., 1982, Field measurements of volcanic gases: Vulcano Island (Italy), Kilauea (Hawaii, U.S.A.), Merapi (Java, Indonesia): Bulletin Volcanologique, v. 45, p.
229-233.
A field gas chromatograph, built in 1978, was used in the field to directly analyze volcanic gases before water vapor condenses. Tested in Vulcano (Italy), Kilauea (Hawaii) and Merapi (Indonesia), this field measurement technique provides the actual composition of the volcanic gas mixture.
This paper highlights the low temperature reaction between H^S and SC>2 to form sulfur and water. This reaction is important for scrubbing F^S from volcanic emissions.
Modreski, P.J., and Graeber, E.J., 1976, Fumarolic gases from Kilauea Volcano, Hawaii [abs.], in
Geological Society of America annual meeting, Denver, Colo., Nov. 8-11, 1976, Abstracts with programs: Boulder, Colo., Geological Society of America, v. 8, no. 6, p. 1014-1015.
Gases from fumaroles on former eruptive fissures in Kilauea caldera have been collected in Naughton-type evacuated tubes containing silica gel and analyzed by gas chromatography and wet chemical analysis.
Representative analyses (mole %) are given here for the August 1971 , September 1974 , and November 29, 1975 fissures. Gas collection by pumping from a Teflon tube inserted several meters into a fumarole ('74, '75 The water-rich condensates of fumarolic gases, obtained from degassing lavas of the 1959-60 eruption of Kilauea Volcano, contain unexpectedly high concentrations of hydrofluoric and hydrochloric acids, and thereby suggest that halogens are significant constituents of basaltic magmas. Vents on the pumice hill of Kilauea Dei yielded one sample that contained, in parts per million, 21,000 HF (1.1 N) with 2,920 HC1, and another sample, 20 HF with 70,500 HC1 (2.0 N). Samples from vents elsewhere on the volcano had from one-fortieth to one-thousandth as much of the two acids.
These early measurements made at Kilauea's summit show anomalously high halo-acid contents, which could affect local environment. Two each gas and condensate samples were collected and analyzed from a site along the primary fissure zone (temperature, 900°C) of the September 1977 eruption on the southeast rift of Kilauea. Samples contained > 70% air, and were analyzed for 13 gas and aqueous species, including SO2> but not I^S. Carbon dioxide/SC>2 ratios were 19 and 33 for the two gas samples. Condensate pHs were 1.5 and 2.1.
Naughton
The CO2/SO2 ratios reported are uncharacteristic of eruptive gases, possibly reflecting sample deterioration prior to analysis.
B. Volcanic gas plume studies
These studies characterize gases or aerosols after they leave the vent or fumarole. Correlation spectrometer (COSPEC) measurements provide direct information on emission rates for SC^. Other gas plume studies measure particle-size, load and chemistry using special filtering and/or lab-analytical techniques. We have now determined the relative concentrations of a large number of trace constituents in particles collected from the fume above the active lava lake of the Mauna Ulu Crater of Kilauea and from the fume from the presently dormant Halemav umav u Crater of Kilauea. Strongly emitted fume from a sink hole on the active floor of Mauna Ulu had an unusually low SO42~/C1~ ratio. The order of decreasing concentration, for the sample most completely analyzed (from Halema* urna* u) was SC>42' > Ca > Si > Cl > NH^ > Fe > Na > Mg > Cu > Mn > Cr > Sb > Br > Pb > Hg + Se > Cd > As > Co > Sc. The ratio of the concentrations of chloride to bromide, about 30, was similar to that found in the stratospheric "sulfate" layer. The particles were collected on filters and analyzed by wet chemical, atomic absorption, neutron activation, and x-ray fluorescence techniques.
Andres
This study presents some of the only data on relative abundances for participate emissions from the Mauna Ulu eruption. An emission spectrograph was used to study the spontaneously combusting flames produced during a summit eruption at Kilauea. Strong emission lines were identified for water, with the conclusion that the lines were due to the combination of hydrogen and admixed oxygen to form water.
Casadevall
Several components in volcanic gases are combustible, including I^S, carbon monoxide, and hydrogen. Combustion products affect chemistry of gases found near the volcano.
Greenland, P., Rose, W.I., and Stokes, J.B., 1985, An estimate of gas emissions and magmatic gas content from Kilauea Volcano: Geochimica et Cosmochimica Acta, v. 49, p. 125-129.
Emission rates of (>> have been measured at Kilauea Volcano, Hawaii, in the east-rift eruptive plume, and CC>2 and SO2 have been measured in the plume from the non-eruptive fumaroles in the summit caldera. These data yield an estimate of the loading of Kilauean eruptive gases to the atmosphere and suggest that such estimates may be inferred directly from measured lava volumes. These data, combined with other chemical and geologic data, suggest that magma arrives at the shallow summit reservoir containing (wt. %) 0.32% H2O, 0.32% CQ%, and 0.09 % S. Magma is rapidly degassed of most of its CO^ in the shallow reservoir before transport to the eruption site. Because this summit degassing yields a magma saturated and in equilibrium with volatile species and because transport of the magma to the eruption site occurs in a zone no shallower than the summit reservoir, the authors suggest that eruptive gases from Kilauea characteristically should be one of two types: a "primary" gas from fresh magma derived directly from the mantle and a carbon-depleted gas from magma stored in the summit reservoir.
This paper gives what are still considered modem general constraints on degassing for Kilauea.
Hinkley, T.K., 1991, Distribution of metals between particulate and gaseous forms in a volcanic plume:
Bulletin of Volcanology, v.53, p. 395-400.
The air-diluted gas plume of the PiT u * O" o vent of Kilauea was sampled during a non-eruptive period using a pumping system, filter system and aqueous trapping system. The study produced data on abundances of metal particles, including Tl, Bi, Cd, Pb, Cd, and Cu.
Particle masses of the several metals are tabulated, along with total volume sampled, permitting calculation of metal concentration in the sampled air. Infrared spectra from Halemav uma* u overlook of Kilauea Volcano show absorption by volcanic and atmospheric gases. The gases were measured using erupting fountain as the light source, and measuring infrared absorbance spectra from 2.5 to 14.5 microns. The composition of the main volcanic gaseous components within the primary fountain is estimated to be H2O, 95 % ; CO2, 4 %; and SOj, 1 %.
Naughton
These measurements from several years ago indicate a somewhat higher proportion of carbon to sulfur than characteristic of current middle east rift eruptive gases. Fume samples from Halema* um&" u Crater in Kilauea caldera and from a fissure eruption that occurred nearby on the floor of the caldera during August 1971 were examined for their halogen (Cl and F) and sulfur content. The ratio of chloride to fluoride ranged from 0 to 3, and for chloride to sulfate, the ratios ranged from 8 to 30. on a weight/weight basis. Chloride/fluoride ratios increased one month prior to eruption.
The exact nature of the samples is unclear, some came from near-eruptive fissures, some from fume in ambient air. Complete analyses are not shown. Data may be useful for comparing with other more complete analyses. Collections were made on quartz wool held within open-ended quartz tubes and, for silica detection, on stainless steel wool in a stainless steel tube. The main components in the sublimate were, in order of decreasing concentration for the best sample, Na, Ca, Al, Fe, Mg, K, B, Si, Ti, Zn, H + , NH4 + , Cu and Ni in the form of sulfates, chlorides and fluorides. Particulate sulfates appear under the increasing oxidizing conditions caused by the access of air.
This earlier work using an independent method of investigation indicates the sulfur species gas-to-particle conversion that is evidenced in later studies. From these measurements, a Hg/SO2 ratio of 0.51 x 10~3 was derived. As reported here, applying this ratio to the recently determined sulfur dioxide mass output of Halema*umax u, yields a calculated mercury flux of 2.6 x 10** g annually.
Note that the estimated total mercury emission rates are based on normalization to SO2, and assume that the ratio of the two species is constant. emissions were monitored using a remote-sensing correlation spectrometer. Any SCh oxidized to other sulfur species or dissolved in water is effectively lost to the spectrometer. Twenty-two traverses were made during the five-day period of the investigation. Traverses were made completely around the crater and down the Chain of Craters Road. The volcano was in a "quiet" state of activity at the time. Over a six-day period in February 1975 an average of 280 metric t/d of SC>2 was measured by Stoiber and Malone. In February 1975 and October 1978 , the volcano was in a state of quiescence, so it seems reasonable to assign an average emission level of 200 to 400 metric tonnes of SCb gas per day to a quiescent Kilauea.
These are some of the earliest reported COSPEC measurements at Kilauea and are within a factor of two of more recently measured emission rates. Although the authors assign an average emission level to a quiescent Kilauea, they do not explicitly state the measured 1978 SC>2 flux.
C. Other gas studies on and near Kilauea Volcano Concentrations of radon (Rn), predominantly the isotope 222Rn, were monitored at 10 stations on the summit of Kilauea Volcano and its upper rift zones. The technique uses a-particle sensitive cellulose nitrate films housed in inverted 250 ml containers buried at 40 cm depth, and changed approximately every three weeks. The first 18 months and data for four stations (T1-T4) are discussed.
Data from these studies indicate that radon emission, which is controlled by geologic structure and emplacement of magma beneath the monitoring site, varies in space and time. Data indicate concentration in the ground, not emission rate, or ambient air concentration. Thomas, D.M., Cuff, K.E., and Cox, M.E., 1986, The association between ground gas radon variations and geologic activity in Hawaii: Journal of Geophysical Research, v. 91, no. B12, p. 12, 198 .
Franczyk
Soil gas radon activities were recorded at 10 stations on Kilauea Volcano for approximately five years. Long-term average radon activities were found to vary by a factor of more than 25. Spatial variations appear to be controlled predominantly by near-surface hydrothermal activity, thickness and permeability of soil-cover, and presence of subsurface fracturing. Magmatic intrusions were associated with contemporaneous changes in radon concentration. Time-series plots of track-densities for the five-year study period are presented. Data were collected as alpha track-etch densities, rather than as volumetric concentrations (pico-curies/liter).
n. Characterization of ambient air away from Kilauea Volcano point-sources
A. Volcanic smog (vog) and lava haze (laze)
Volcanic smog or "vog" is a locally-used term, referring to air pollution produced by the volcano. The principal components of vog are the reaction products of SC>2 and aerosols mixed with the gas plume. These reaction products include H2SO3 and H^SO^ alkali and alkali-earth metal-sulfates. Lava haze, or "laze," is another locally-used term that refers to the plume produced by the interaction of molten lava and sea water. Laze is principally composed of HC1 and entrained sea water brine. Vog and laze are of concern in Hawaii because they are carried by prevailing winds, creating a variety of environmental effects that impact areas of the island as far as 100 miles away. The State of Hawaii Department of Health analyzed over 2,000 water samples for lead from water cisterns on the island of Hawaii. Lead concentrations ranged from less than the level of detection (5 ug/1) to over 3,300 ug/1. Altogether, about 24% (544 samples) of the water samples collected exceeded the Maximum Contaminant Level (MCL) proposed by the U.S. Environmental Protection Agency for public water systems of 20 ug/1; 11 % of the cisterns exceeded the current MCL of 50 ug/1. The highest percentage of systems with lead levels above the MCL was found in West Hawaii, where about 23 % of the water systems sampled exceeded the 50 ug/1 standard. Acid rain resulting from volcanic emissions is believed to cause the leaching of leaded building materials, such as solder, nails, flashing, and leaded coatings, all of which may contribute to elevated lead levels in cistern water.
Cisterns are an important source of domestic drinking water. Two mechanisms have been observed to produce hydrochloric acid aerosol from the eruption of Kilauea Volcano. Both mechanisms create hydrochloric acid aerosol as a result of a secondary process. One mechanism is the flash evaporation of sea water, along with salts, which occurs when lava from the volcano enters the ocean, as first observed by Gerlach. The other is the reaction of the H2SO4 aerosol with sea salt as the plume from the Puv u " Q* o vent is transported over the ocean. The reaction yields sodium sulfate and hydrogen chloride, which then hydrolyzes to HC1 aerosol. Evidence of this mechanism is found in aerosol samples taken from the west coast of the island of Hawaii at Kona, about 100 km from the vent, in a populated area that has been experiencing the deleterious effects of vog. Whereas H2SO4 constitutes over 80% of the total aerosol mass from the Pux u * Ov o vent, in the Kona samples it only constitutes about 50%, the balance being silicates and sodium chloride (30%) and sodium sulfate and aqueous HC1 (20%). The National Park Service has been monitoring air quality at the summit of Kilauea Volcano in Hawaii Volcanoes National Park since October 1986. Concentrations of SO2, wind speed, wind direction, temperature, dewpoint, solar radiation, and rainfall are automatically recorded at this site. Fine-particle (<2.5 micron) and PM-10-particle (<10 micron) samples are collected on stacked filter units. The fine particles are analyzed for total mass, concentrations of the elements sodium to lead, hydrogen ion, the coefficient of optical absorption, organic and light-absorbing carbon, nitrate, sulfate, and 862
Elias, T., 1992, The effect of volcanic emissions on ambient air quality in Hawaii Volcanoes
Data gathered from [1987] [1988] [1989] [1990] show that SC>2 levels exceeded the Ambient Air Quality Primary (24-hr) standard established by the EPA 50 times. An analysis of meteorological parameters shows that Kona winds and very low speed trade winds accompany periods of high SO2 concentration at this site. During these wind conditions, EPA SO2 standards are more likely to be exceeded. Continuous eruption on the east rift zone of Kilauea Volcano since July 1986 has established a subsurface lava tube system that frequently permits lava to enter the ocean near Kupapa'u Point, Hawaii. The flows produce spectacular steam explosions and a large plume cloud. Acid rain from the plume creates local environmental and health problems. Analyzed samples of the plume rain show that it is a brine with a salinity 2.3 times that of sea water and a pH of 1.75. The authors propose that the acid derives from HC1 gas formed primarily by the hydrolysis reaction of steam with magnesium chloride salts precipitated locally where magma evaporates sea water to dryness. Dissolution of this acid in brine droplets formed by ejection of disrupted, boiled sea water to the atmosphere produces the observed acid rain with a slightly higher pH resulting from dilution effects and reactions with lava fragments.
Irreversible mass transfer calculations predict that the evaporation of 1 liter of sea water to dryness at temperatures of 100-300° C will produce a liter of hydrochloric acid condensate with a pH of 1. Prevailing trade winds carry these products as far away as Kona, on the west side of the island, 100 miles away. 
Gill, T.E., Tanada

Mainz, Germany, International Association of Volcanology and Chemistry of the Earth's Interior (IAVCEI), unpaged
In order to quantify the effect of the ongoing eruption of Kilauea on the overall air quality of the island of Hawaii, particulate sampling and/or SO2 monitoring was performed at seven sites on the island in spring 1988. Samples were taken from a site upwind of the vent, from a site adjacent to the surface outbreak of lava very near the coast, from the lava-covered visitor center, and at sites across the island at various elevations and distances from the vent. Volcanic aerosols and gases are emitted directly by the vent and lava and are also extensively formed by the vaporization of sea water by lava flows. Samples were analyzed for mass, elemental composition, and SO2 concentration. Sulfur compounds (SO2 and sulfates) are the dominant emissions.
These processes combine to become a major source of air pollution on the Kona coast. Due to material emitted by Kilauea, particulate concentrations on Hawaii are often greater than those in rural areas of continental North and South America. Other compounds, including potentially toxic elements such as Se, As, Pb and Hg, are also seen in aerosols emitted by Kilauea. The concentrations of these materials, by themselves, do not seem to present a significant risk to the health of the island's residents, but particulate levels, especially of acidic species, could be detrimental to those working and living closest to the vent. A study funded by the State of Hawaii, Department of Business and Economic Development, was conducted in 1983 and in early 1984 to characterize the atmospheric geochemistry at windward (Panaewa) and leeward (Kawaihae) locations on the island of Hawaii. A variety of data was collected on air and rain water chemistry and on meteorological conditions. This paper particularly addresses the results of chemical determinations of the acidic components (with emphasis on sulfate ion) in air and rain water.
Halbig
In a few cases, relatively high sulfate concentrations were measured at the Kawaihae site during or immediately following an eruptive phase of P\T u x CT o, but such correlation was not apparent for the entire set of data. Respiratory complaints are associated with volcanic eruption by patients and health care workers. The existence of such claims, as well as the cause, is being examined by the author. The respiratory health of SO healthy children and adults upwind from the volcano (Hilo) was compared to SO subjects downwind (Kona) during the study period 1989-1990. Daily peak flow and spirometric data were compared to certain pollutants, particulates, and sul fates known to cause respiratory illness.
Hallenborg, C.P., 1991, Respiratory effects to man by volcanic eruption in Hawaii [abs.], in Vog and
Sulfate and particulate pollution do not reach levels known to cause respiratory illness in controlled situations. A few subjects apparently suffered from even mild elevation in pollution. An over-all downward trend in pulmonary function is noted in both children and adults. Measurements of SC>2 were made at the National Oceanic and Atmospheric Administration's Mauna Loa Observatory in Hawaii during a 12-month period beginning in December 1988. Concentrations of SC>2 varied from background levels of less than O.OS ppbv to a maximum of SO ppbv, during episodes that lasted from two to 24 hrs. Kilauea caldera, located approximately 35 km southeast of the Hawaiian Volcano Observatory at an elevation of about 1,000 m ASL and the current eruption at Pu'u O'o SO km east-southeast of the observatory, are the most likely sources of the elevated SO2 measured during these episodes. These episodes occurred 10-25 times each month, mostly during the day; peak concentrations were usually recorded at mid-day.
Emissions from Kilauea have a measurable effect on ambient SO2 concentrations at Mauna Loa Observatory, especially during southerly or southeasterly winds. Daily or biweekly precipitation samples have been collected at various sites on the island of Hawaii since 1974. The elevations of the sites ranged from sea level to 3,400 m. Samples were analyzed on the day of collection for pH and conductivity. Detection of major anions, such as sulfate and nitrate, were made on selected samples during the period.
Miller
The pH data show a progressive increase of acidity with elevation. The sea level site averaged pH 5.2, in contrast to the sites above 2,500 m, which averaged pH 4.3. It is postulated that the increase in acidity at higher levels is due to acidic materials, either natural or man-made, transported over long distances in the mid-troposphere and being scavenged in the rain of the Hawaiian Islands. The eruptions of Kilauea Volcano are accompanied by increased emissions of a number of gaseous compounds, some of which are potentially hazardous to human health. These include F^O, (>>, SO2> H2, CO, HC1, HF, and Hg. The first three normally comprise well over 90% of the gaseous emissions on a mole-percent basis. Sulfur dioxide emissions which average 1,000-2,000 t/d, but which have reached the equivalent of 32,000 t/d, are capable of producing ambient SO2 concentrations in excess of public health standards. Its ultimate conversion in the atmosphere to a secondary acid aerosol further magnifies and complicates the potential adverse health effects. Sulfur dioxide and its acidic reaction products are irritants with demonstrated adverse effects on the respiratory system. The odorous ^S is also a highly toxic gas, but its relatively low emission rate (approximately 1.0 mole-%) renders it much less important than SC^; furthermore, it is eventually oxidized and follows SO2 pathways. HC1 and HF emissions from volcanic vents, while very low relative to SO2, also contribute to the acidic nature of the atmosphere downwind of the volcano. Both are strong irritants capable of causing lung injury. In addition, molten lava flowing into the ocean generates very high HC1 concentrations (> OSHA standards), thus creating a localized hazard.
Morrow
This study qualifies effects of Kilauean volcanic emissions on human health, taking into consideration levels found near the volcano and influence of wind conditions on these emissions. Kilauea is currently in the eighth year of an eruptive phase that began in January 1983. SO2 emissions over this period have been variable and, at times, massive. On December 4, 1984, for example, an emission rate equivalent to 32,000 t/d continued for 15 hrs. This rate may be further put into perspective when one considers that U.S. EPA regulations define a "major source" as one which emits 100 t/yr. Despite these significant emissions, ambient air monitoring on the island of Hawaii has not detected high SO2 levels. Routine monitoring by the Department of Health (DOH) at Hilo averaged < 5 ug/m3 , or 2 parts per billion by volume (ppbv) over the 1972-1985 period with maximum 24-hr concentrations not exceeding 45 ug/m3 (17 ppbv), well under the 24-hr National Ambient Air Quality Standard (NAAQS) of 365 ug/m3 (139 ppbv). A special study conducted by the DOH over the June 1985-August 1986 period at Kealakekua also averaged < 5 ug/m3 , with a 24-hr maximum of 12 ug/m3 (5 ppbv). Chemical, physical, and visual observations were made of lava entering the ocean near Wahav ula Heiau. The site under study included the coastal ocean and the near-shore littoral environment. Land-and ocean-based samples were taken at this site to determine the chemical and physical effects on the near-shore environment. Important chemical processes include water/lava and water /hot-rock reactions that cause the formation of acid and produce aerosol particles that are entrained in the steam. Precipitation samples collected on land had pH value of 1.7, with salinities nearly twice that of the local sea water. Coastal ocean samples showed depletions in alkalinity, total CC<2, and pH, each showing a strong inverse correlation with increase in water temperature. Temperatures in excess of 10° C were measured in the coastal ocean.
This study supports the findings of Gerlach et al. (1991) and, in addition, examines the effects of lava on sea water. This report describes both the large-scale and local wind patterns which affect the island of Hawaii from the standpoint of the distribution of Kilauea eruption effluents. Large-scale winds are part of the global trade wind regime. Along with the wind patterns, the vertical mixing of the effluents is important, or, more exactly, the lack of vertical mixing in the Hawaii-Kona area. Considering these several factors together leads to a logical explanation of why Kilauea effluents can affect the Kona side of Hawaii without passing over the summit of Mauna Loa but, rather, by moving around the south end of the island and then northerly along the Kona coast.
Robinson
Wind patterns on the island affect where volcanic gas and particle emissions are blown. HVO has accumulated nearly a decade of geochemical information about Kilauea from extensive monitoring of both the chemistry and total amounts of gases emitted from vents of the ongoing eruption on Kilauea' s East Rift Zone. The current eruption causes vog, originating from volcanic vents, and laze, produced when lava enters the ocean, both of which affect human health. The prevailing winds from the northeast usually carry the vog toward the southwest, around the southern tip of the island; factional forces cause it to turn northward into a convergence behind Mauna Loa, where they are effectively capped by trade winds or inversion layers. During kona wind conditions, when wind blows from the southwest to the northeast, the vog impacts population centers on the eastern side of the island, including Hilo.
Stokes
B. Compliance monitoring, previous EIS, and related interpretive reports
Much of the air quality data that has been published for the Puna district is incorporated in this section. In general, compliance monitoring projects provide the basic data for use in writing EIS and other interpretive reports. In this bibliography, we have included information derived from compliance monitoring projects, by abstracting the related interpretive reports or EIS, rather than abstracting the compliance monitoring reports themselves. This is true with one exception. The results from Measurement Technologies (1991), which are reported exclusively as raw data monthly summaries, are reviewed and extracted by the authors of this bibliography. Listed below are the main baseline compliance monitoring studies and the interpretive reports that draw on their results. It is not always clear exactly who was responsible for the various monitoring projects; thus, this list may contain omissions or redundancies.
Lower east rift studies:
The monitoring associated with the HGP-A project (May 1975 -June 1976 was interpreted by Kamins (1976 Kamins ( -1978 .
The monitoring in the vicinity of HGP by Environmental Analysis Lab and possibly others, (three sites, 1982-1983, and one site 1981-1986) , was interpreted by Morrow (1988 ), Carter (1984 , and Dames and Moore (1984) .
Middle east rift studies:
The monitoring by Houck/NEA, Inc. (1982 , was sponsored by Hawaii State Department of Planning and Economic Development (1984-1985) , was sponsored by Kahaualev a Geothermal Project (1984) , and was sponsored by National Park Service. These data were interpreted by Houck ( , 1986 The monitoring program consisted of two sites, from which the following parameters were collected: I^S, SO2, meteorological data, rain water chemistry, total suspended particulates (TSP), inhalable particulates (PM-10) and radon. The data from this monitoring project are presented as monthly and quarterly reports which include quality assurance/quality control activities, operations narrative, raw data with graphical presentations, and data capture summaries. The monthly summaries show insignificant loading of particulate filters, radon levels below detection limits a majority of the time, and only occasional detectable concentrations of I^S (except during geothermal maintenance activities at the nearby PGV plant). Windrose data shows a predominance of north-northwest wind at the site located in the Kaohe Homesteads area.
There appear to be occasional discrepancies between monthly summary narratives and raw data presented in the tables. Maps of site locations and monitoring equipment are not included. Data from two one-year periods during 1981-1983 are presented for two ambient air sites, one each up-trade wind and down-trade wind. In addition to the continuous gas monitoring, wind conditions were characterized by weather monitoring instrumentation at the upwind site. Data are summarized from these instruments in tables and windrose diagrams.
The wind data for the two sites were used to help identify FTjS sources. Among other conclusions, the authors attribute higher FTjS concentrations to downslope winds from the direction of unspecified nunaroles. The (current) east rift eruption started during the second year of the study and coincided with lower measured F^S concentrations during downslope wind conditions. The authors suggest that highly oxidizing conditions produced by the eruptive gases, S(>> in particular, may be responsible for scrubbing F^S. This study discusses environmental consequences of natural processes in a volcanic-fumarolic region, using HGP-A as a site-specific model. Ecological effects (physical, chemical); toxic gas emissions during non-eruptive stage (sulfur compounds, mercury compounds) and effects on plant and animal life were considered in the study, along with environmental setting prior to geothermal development. was sponsored by the National Park Service and covered the area generally along the boundary between the Hawaii Volcanoes National Park and Kahaualev a. The six environmental pollutant categories examined were atmospheric particles, SO2, FTjS, rain water chemistry, radon activity and mercury vapor. Highlights of the results of the surveys are extracted from the summary report by .
Research Corporation of the
True
III. Meteorology
Meteorological conditions have an impact on the dispersion and concentration of emission-source products. The geographical fate of these products is dependent on wind speed and direction relative to emission sources. It is especially important on the island of Hawaii to scrutinize the microclimate wind characteristics that may override
